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COLORED SOFT CONTACT LENS 
Technical Field 
This invention relates to corneal eontact lenses 
made of soft plastic material and particularly to soft 
5 contact lenses manufactured by lathe cutting or machining 
a preformed multicolored body of plastic material in pre- 
hydrated conditioDo 
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Backgroi:nd Art 
Hydrophilic or soft contact lenses are mainly 
produced from water-absor bable plastic materials such as 
2-hydroxyjnethyacrylate (HEMA) which may be crosslinked 
5 with a tetra-f unctional jnonomer such as ethylene glycol 
dimethacrylate as disclosed in UoSo Patent WOo 3i,98B^274o 
Attempts have been made to color such soft con- 
tact lenses for the purpose of enhancing the aesthetic 
beauty of the eye of the wearer of the colored lenSo One 
prior art technique is to paint or print a colored portion 
10 onto a soft contact lens using an implement such as a 

brush^^ as disclosed in Contact Dens Forum^ Volume 3a WOo 
8^, August^ 1978^ page 89 o Another technique involves the 
cementing of a colored covering layer onto a clear hydro- 
gel lens as disclosed in UoS. Patent Wo» 3p679,,504o 
According to these techniques^ the entire surface of the 
15 contact lens is colored. This is a disadvantage since the 
coloring material separates from the lens during use and 
is not sufficiently gas permeableo 

In order to overcome these disadvantages a num- 
.ber of prior art techniques have been developedo 
According to these prior art techniques the colored soft 
20 contact lens is manufactured with a clear center portion 

so as not to obstruct the vision of the wearer o For exam- 
ple,, UoSo Patent No. 3,679,504 discloses a method of pro- 
ducing a colored soft contact lens having a clear center 
portion surrounded by a colored portiono According to the 
patently a thin covering layer of hydrogel is first formed, 
25 whereupon coloring is applied to the covering layer o The 
colored covering layer is then joined by a monomer cement 
to the concave face of an existing soft lenSo The 
coloring may be applied such that the central lens portion 
is left clear- - ' 

UoSo Patent NOo 3,962,505 also discloses colored 
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Eoft contact lens with a c3<?ar central portion. The 
patent discloses a method of making a contact Jens having 
an annular colored ring concentric with a clear central 
portiono' According to the method, a cylindrical well is 
5 cut in a plastic block, and an annular ring which may be 
colored, is disposed in the well. The portion of the well 
above the ring is subsequently sealed by cementing a plug 
therein. The desired lens shape is then cut from the 
plastic block to yield a lens having a colored annular 
ring. 

10 tJ-S, Patent No„ 4,157,892 is also directed to a 

colored soft contact lens having a clear central portion„ 

While these prior art techniques for producing 
colored soft contact lenses having a clear central portion 
overcome the disadvantage possessed by the prior art tech- 
niques which color the entire surface of the soft contact 

15 lens, the manufacturing processes for producing these 

improved colored soft contact lenses are complicated and 
expensive. 

Applicant has overcome these disadvantages by 
producing a colored soft lens with a clear central portion 

by a simple method which results in a colored soft contact 
20 lens which is structurally different from the colored soft 
contact lenses disclosed in the prior art. 
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Disc3osure Of The Invention 
This invention relates to corneal contact lenses 
of soft plastic material and nior particularly to those 
of the type adapted for cosmetic use as well as for cor-- 
5 rection of visiosfio The invention further involves 

manufacture by lathe cutting or machining of the soft con- 
tact lenses from a preformed^ multicolored body of plastic 
material in pre-hydrated conditiono As will be explained 
in greater detail hereinafter^ the lens is not hydrated 
until after it is cut from the multicolored body of 
10 plastic material at which time it absorbs fluid and 
expands o 

A contact lens of the type set forth preferably 
has a clear central zone or transparent portion which may 
be about 4 to 5 millimeters in diameter in hydrated condi- 

15 tion, thus permitting visual transmissiono The central 
zone serves to provide optical correction when the outer 
surface of the lens is ground and polished to the prescri- 
bed curvature, taking into account the curvature of the. 
inner surface of the lens which is fitted to the wearer's 
corneao In addition^ a secondary colored area or iris 

20 portion is provided about the clear central zone in order 
to fully cover the wearer's iriSo This colored area 
extends outwardly to a diameter of about 12 millimeters 
when the lens is in hydrated conditiono Finally^ a 
peripheral zone is formed about the colored area from a 
transparent materialo This zone extends outwardly to a 

25 diameter of about 14 to 15 millimeters when the lens is in 
hydrated condition* 

While the lens according to the present inven- 
tion may be produced from any^ suitable material^, it is 
presently preferred to produce the lens from a hydrogel 
based on 2-hydroxyethylmethacryla te (HEMA) crosslinked 

30 with ethylene glycol dimethacrylate (EGDM)« Other 
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suitable hydrophil ic synthetic polymers useful in the 
instant invention include those described in-UoSo Patent 
Noso '3,520^549 and 3,520,949^ and British Patent NOo 
1, 004^42^0 

5 Such materials may also be colored to produce a 

opacified body or blank of the desired color by the addi- 
tion of dye or of dispersed pigment, as set forth in the 
patents noted abovCo As defined herein an opacified body 
includes both a translucent body and an opaque bodyo The 
degree of opacity will depend upon the particular color 
10 and quantity of color employed and the thickness of the 
body or blanko It is presently preferred to employ 
colored plastic materials of the type disclosed in my 
copending application entitled "Method Of Pigmenting 
Water-Absorbable Plastic And Product Therefrom"^ which is 
incorporated herein by reference « 
15 The lens of the present invention lends itself 

to manufacture by lathe cutting rather than by the spin 
casting techniqueo The lathe cutting procedure involves 
cutting or machining the lens from a shaped body or blank 
and then polishing it, preferably by means of precision 
machiningo Although a shaped body for lathe cut lenses 
20 has been formed in the past by casting into a stationary 
mold and then curing, it is a feature of the present 
invention that the body has * mult iple layers of colored and 
clear regions made by fabricating it from discs of the 
plastic HEMA material which are fused together* This pro- 
cedure is most effective if the contacting disc surfaces 
25 are wetted with initiated crosslinked HEMA, compressed and 
oven curedo 

According to the present invention the cosmetic 
contact lens is lathe cut from a body of hydrophilic 
polymer made as described aboveo ' The discs may be flat or 
saucer shaped so that in the finished lens there are ■ 
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stacked layerB of clear and colored discs- Tlie pupillary 
area of the lens is formed in a central zone thereof pref- 
erably from a clear layer^? a secondary zone -is formed 
about the central zone at least partly from one or more 
colored layers, and the preiperhal zone is formed about 
the secondary zone from a clear layer o Where adjacent 
layers of the secondary, zone are colored and in overlap- 
ping relationship^ the concentric rings of color are 
blended since colored HEMA can be translucent^^ thus 
affording cosmetic opportunit ieSo 
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Brief Der.c ri ption o f 5Jlii^lU12^ 

FIGo 1 is a vertical sectional view of a body of 
material from which the lens may be cut, with broken lines 
indicating a proposed lens in phantom; 

FIGSo 2 and 3 are vertical sectional and plan 
views^ respectively , of a lens corresponding to the lens 
shown in phantom FIGo 1, made according to the invention; 

FIGo 4 is a vertical sectional view of another 
embodiment of the invention, similar in content to the 
view of FIGo 1? 

FIGo 5 is a vertical sectional view of a lens 
made from the body of FIGo 4^ 

FIGo 6 is a vertical sectional view of another 

embodiment of the invention, similar in content to the 

view of FIGo 1; 

FIG, 7 is a vertical sectional view of the lens 

made from the body of FIGo 6? 

FIGo 8 is a view similar to FIGo 1 of yet 
another embodiment of the invention; and 

FIG'o 9 is a vertical sectional view of a lens 
made from the blank of FIGo 7o 
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Best Mode Of Carrying Out The Invention 

There is shown in FIGo 1 a blank or body of 
material in pre-hydrat d condition which becomes soft and 
svrollen when wet (hydrated)o It is a hydrophilic polymeria 
5 preferably 2-hydoxyethylmethacryla te (HEMA) crosslinked 
with ethylene glycol dimethacryla te (EGDM) or a suitable 
eguivalento When in pre-hydrated condition the body^ also 
known as a "button"' in the art^^ may be lathe cut or 
machined into a lens and then polished to the usual shape 
to have the prescribed optical character istics « The lens 
is thereafter hydratedo 

The body of FIGo 1 is designated 10^ and com- 
prises a lower layer 12^^ an intermediate layer 14 ff and an 
upper layer 16 o The layers 12 and 16 are clear and the 
intermediate layer 14 is colored and opacifiedo The body 
10 is preferably about 0o5 inches in diameter and about 

15 5^5 millimeters thick « Layers 12 and 14 are each prefer- 
ably about lo5 millimeters^ thick and the upper layer 16 is 
preferably about 2,5 millimeters thicko While these 
dimensions are presently preferred^ body 10 including 
layers 12,14 and 16 may have any suitable dimension* The 
thickness of the body 10^. particularly layers 12 and 14, 

20 depends on the curvature radius needed , to produce the 
desired lenso For example, as the curvature radius 
increases the layers 12 and 14 are made thicker without 
changing the overall thickness of body 10a Also shown in 
this view in phantom and designated 18 is a contact lens 
which may be lathe cut from blank 10 » The lens 18 is 

25 described in further detail with reference to FIGSo 2 and 
3. • 

The lens 18 is a circular segment of a sphere, . 
having a circular edge 20/ an outer convex surface 22, and 
an inner concave surface 24o The pupillary area 26 is in 
a central zone of the lens, and it is formed entirely from 
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the clear upper layer I60 The secondary zone 28 formed 
about the central zone 2S is formed entirely from colored 
intermediate layer 14o The peripheral zone 29 formed 
about the central zone 26 is formed entirely from the 
clear lower layer 12o This zone partly covers the sclera 
when woml As best seen in FIGo 2^ adjacent layers of 

^he lens are in overlapping relationship^ creating zones 
of diffused color which creates a lens of cosmetic inter- 
est even though only a single layer of translucent color 
10 is usedo 

In the embodiment of FIGS. 1 and 3^ the layers 
of color extend generally parallel to the circular edge 
2O0 

Method 

15 The method for making the body, such as body 10 

according to the invention will now be describedo 

The body 10 is made by first forming individual 
discs corresponding to the layers 12, 14 and 16 from a 
hydrophilic polymer such as" HEMAo In the case of the 
20 colored intermediate layer 14^ color is preferably 

introduced to' the HEMA before casting into discs by means 
of dispersed pigments or dyeso It is presently preferred 
to employ pigmented HEMA materials of the type described 
in my copending application entitled "Method Of Pigmenting 
25 Water-Absorbant Plastic And Product Thereforra"o These 

discs are wetted with initiated crosslinked HEMA gel on " 
their mutually facing contact surfaces, then compressed" 
thereby forcing out substantially all of the gel and oven 
cured at 80*» to 95**C for 12 hourSo As defined herein^ 
initiated crosslinked HEMA is HEMA to which a suitable 
50 crosslinking agent has been added such as an olefin glycol 
dimethacrylate and to which an initiator such as an 
organic peroxide has been added o This method results in 
a body 10 having all discs bonded and fused together in a 
strong, integral uni to 
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The lens 14 is then formed by lathe cutting it 

from the body lOo It is thereafter polished by means of 

precision machining techniques which are well known in the 

arto 

^ Finally/7 the 1 ns is hydrated by well known 

techniques with distilled water a saline solution or the 
likeo When hydrated the lens absorbs fluid and expandSo 
The lens normally expands 20% (38% water absorption) but 

10 may expand more if another material such as methacrylic 

acid is added to the HEMAo For example a lens having the 
following dimensions^ a central zone having a diameter of 
3o4 nmff a secondary colored zone having a diameter of 10 oO 
mm and a peripheral zone having a diamter of 12o0 mm will 

15 expand to a lens with a central zone having a diameter of 
4o08 mm, a secondary colored zone having a diameter of 
12o0 mm and a peripheral zone of 14 o 4 when hydrated and • 
assuming about 20% expansion., 

20 An alternative embodiment according to the pre— . 

sent invention will now be described with reference to 
PIGSo 4 and 5o The body of FIGo 4 is designated by the 
numeral 32, and the lens of FIGo 5 made therefrom is 
designated 34 o For the sake of brevity^ correspondingly 

25 similar elements of the various embodiments will be desig- 
nated by like reference numeralSo Thus^ it will be seen 
that the embodiment of FIGSo 4 and 5 differs from the 
embodiment of FIGSo 1 and 3 in that two layers 36, 38 of 
translucent color are provided intermediate the bottom 

30 layer 12 and the upper layer 16 in place of single layer 
14o By using two different colors for the layers 36^ 38 a 
different cosmetic effect may be achieved , not only by 
pairing compatible colors, but also by the blending or . * 
shading effect of their overlapping relationshipo 

35 A further embodiment • according to the present 

invention will now be described with reference to FIGSo 6 . 
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and 7. In the embodiment of FIGS. 6 and 7 like reference 
• numerals are again employed to designate structurally 

similar partSo As shown in FIGo 6, the lens 40 is formed 
from a blank 41o FIG. 7 shows the cut lens. As shown, 

5 there is disposed between the bottom layer 12 and upper 

layer 16 four flat, colored layers respectively designated 
42,44,46,48. This arrangement is particularly suitable 
for four layers that are different shades of the same 
color. Again, the areas of overlap provide regions of 

10 blended and diffused colors that are appealing visually. 
A wide variety of color choices may be used to obtain an 
aesthetically pleasing result. 

In this embodiment, . as well as the others, the 
pupillary area is curved into the central zone to provide 

15 a clear visual area of about 4 to 5 millimeters in diame- 
ter. The translucent quality of the colored peripheral 
zone also permits some additional visual transmission. 

A still further embodiment according to the pre- 
sent invention will now be described with reference to 

20 FIGS. 8 and 9. There is shown in FIGS, 8 and 9 a body 50 
from which is* cut into a lens 52, This embodiment is 
similar to the embodiment of FIGS. 4 and 5 except that the 
layers are not flat like the layers 36, 38, Instead of 
layers 54, 56 of lens 52 are curved or saucer shaped, 

25 having a curve of greater radius than that of the concave 
surface of the lens. The layers 54, 55 may be regarded as 
circular segments of a spherei, as is the lens itself, 
except that the radius of each layer is larger than that 
of the lens. The circular periphery of each layer is dis- 

30 posed parallel to the circular edge 20. As best seen in 
FIG. 8, this arrangement of layers maximizes the overlap 
of the layers and thus provides a lens having a greater 
• amount of blended and diffused color between adjacent, 
concentric rings- of color .in the peripheral zone, - . • . - : 
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While th invention has been chown in but 
several forms, it will be obvious that it is susceptible 
of various further changes and modifications which will 
fall within th scope of th claims that followo 

What is claimed iss 



r 



wo 83/03480 _ _ PCT/US83/00481 

lo A cosmetic contact lens in the shape of a 
circular segment of a sphere and having a circular edge^ 
comprising stacked layers of a clear and colored plastic 
material^ with a pupillary area formed in a central zone 
thereof from a clear layer^ a seconardy zone formed about 
said central zone at least partly from one or more colored 
layersi, and a peripheral zone formed about the secondary 
zone from a clear flayer o 

2o A cosmetic lens according to claim 1^ wher- 
ein said plastic material is a hydrophilic polymero 

3o A cosmetic lens according to claim 1^ wher- 
ein said hydrophilic polymer is 2-hydroxye thylmethacryla te 
(HEMA) crosslinked with a crosslinking agento 

4. A cosmetic lens according to claim 1 ^ wher- 
ein said secondary zone is formed from at least two layers 
of colored plastic materials 

5o A cosmetic lens according to claim 1^ wher- 
ein said layers are disposed parallel to said circular 

6o " A cosmetic lens according to claim l^, wher- 
ein said colored layers of said secondary zone are seg- 
ments of spheres each having a radius flatter than the 
radius of the" spherical shape of the lens and each termi- 
nating with its circular periphery disposed parallel to 
said circular edgeo 

7o A cosmetic lens according to claim 1, wher- 
ein at least said colored layers are in overlapping rela- 
tionship in a direction parallel to the circular edgeo 

8o A cosmetic lens according to claim 3 made 
from stacked discs of said polymer fused together*. 

So A cosmetic lens according to claim 8 made 
by the process of wetting the contacting surfaces of the 
stacked discs with initiated "crosslinked HEMA^ compressing 
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the stacked discs to discharge all but a trace of the HEKA 
from between said discs, curing the compressed stack of 
discs^ }^ith heat, and cutting said lens from the fused 
stack o£ discsc 

lOo A cosmetic lens according to claim 1 having 
a central zone formed from a clear layer of said plastic- 
material^ ^s^ith said layers being disposed generally paral- 
lei to said circular edge whereby at least said colored 
layers are in overlapping relationship^ said lens being 
made from stacked discs of 2-hydroxymethacrylate cross- 
linked with ethylene glycol d imethacrylate and fused 
together^ said lens being sized and shaped to be worn on 
the eye with said central zone registering with the pupil 
of the eye and with a secondary zone covering the iris of 
the eye^? the construction of said lens providing concen-- 
trie circles of color which are diffused and blended 
together where adjacent layers are in overlapping rela- 
tionshipo 

llo A cosmetic lens according to claim 1, wher- 
ein said colored layers are translucento 

12o A cosmetic lens according to claim 1, wher- 
ein said colored layers and a^ least one clear layer are 
in overlapping relationship in a direction parallel to the 
circular edgeo 

13o A cosmetic lens according to claim 10, 
wherein said colored layers and at least one clear layer 
are in overlappying relationship in a direction parallel . 
to the circular edge* 
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